INTRODUCTION
The vertical root fracture (VRF) in endodontically treated teeth occurs frequently in clinical situations. Many clinical factors can affect its occurrence, such as traumatic occlusion, gutta-percha compression or insertion during endodontically treatment.
In addition, the various structural components of root dentin can also affect the failure mode or the fracture line of VRF. However, as for the treatments of VRF, there was no reliable method for treating fractured teeth completely.
Recently, advances in adhesive techniques of dentin1,2) have been successful for bonding and repairing fractured roots3). However, the complex biological structure of root dentin appears to influence the bond strength of the repaired root.
Subsequently, the tensile strength of root dentin is considered important in understanding not only for the characteristics of root dentin but also the high occurrence of VRF. In addition, the more detailed information of dentin structure is essential for interpreting data from investigations on bond theory.
Dentin is a complex biological structure. The various structural components (tubule orientation or dentin location) of dentin could directly affect the mechanical properties of dentin. Tubule density, diameter and orientation vary from location to location4-6). consistent with previous findings37) that dentin is easiest to fracture across dentinal tubules. A highly mineralized cuff of peritubular dentin surrounds the tubule lumen, and the tubules are separated by intertubular dentin composed of a matrix of type-1 collagen reinforced by apatite. The peritubular dentin may be more properly termed intratubular dentin and contain mostly apatite crystals with little organic matrix12).
The result comparing the parallel and perpendicular groups in this study may have contributed to the different mechanical properties of the peritubular dentin and intratubular dentin38,39). It also may be explain by the orientation relationship of collagen (and apatite crystal) and tubules11). Further studies on the role of peritubular dentin and intratubular dentin while under a tensile force are required to clarify this matter.
The highest incidence of about 10%40) or 30%41) of VRF occurs in teeth after endodontically treatment.
The causes were reported as dehydration of the hard structure and dentinal tubules with a moisture loss of 9%42) or an extensive enlargement of the root canal and condensation stress43,44) or posts and crowns prosthetics after endodontic therapy45), and so on. An important intrinsic factor of tubules is that they are arranged approximately radioactively around the root pulp in the tooth's transverse plane, and run nearly parallel with each other in the central axialinterfaces.
The highest incidence of VRF may be associated with the original tubule orientation of root dentin. According to the results of this study, it was shown that the fracture resistance of parallel and perpendicular tubules to tensile stress was significantly weaker than that of oblique tubules. A fractured line usually progresses into the weaker fracture resistance area. Therefore, this study can help further clarify the high incidence of VRF, where the crack will easily progress into the interface of the parallel or perpendicular tubules and then form vertical but not horizontal fracture line in clinical situations.
In addition, no significant influence of root dentin location on the tensile strength of the parallel specimens was found, even with the increasing trend from the cervical to the apical root dentin. The no significant may have contributed to the diameter of the tubules and can attributed to the bovine root dentin which showed no significant difference from the vertical to apical root. This result suggested that the method of specimen preparing in this study permits multiple specimens (about 8-10 specimens) to be prepared from one root with nearly similar original tensile strength.
It is very useful for consistency of material properties and standardizing the original conditions of specimens more easily. It is difficult to improve knowledge about the complex biological structure of bovine or human teeth, in concert with the original situation from the individual intrinsic factors such as the age, position of teeth in oral cavity, calcium concentration, caries free or affected, and so on. However, based on the findings of the present study about the characteristics of dentin, one useful method was indicated where multiple specimens could be obtained from the cervical to apical position of one root, which showed no significant difference in resistance to tensile force, and that parallel tubules were showed on the fractured surfaces as similar as the situation of VRF. For future adhesive studies of bonded VRF, it is possible to avoid heterogeneity and to standardize the intrinsic factors of root dentin to compare the various adhesive conditions using multiple specimens from one root.
A tapered tip tool46,47) is typically used to half the root embedded in acrylic resin for simulating and investigating a VRF or a bond-repaired VRF in conventional methods. With this method, it is difficult to calculate the fractured area. However, the micro-dumbbell specimen method in the present study allowed correct controlling and measurement of the area (for the flat fractured surface) and the tubules orientation to the applied force at different locations.
It is better suitable for imitating local situations of repaired VRF. This method also allows the possibility of obtaining percentage data to compare the fracture resistance of intact root dentin and the bond strength of VRF by using the same specimen after one facture load.
CONCLUSIONS
According to the investigation of the effect of tubule orientation and dentin location on the microtensile strength of bovine root dentin, it was revealed that there was a significant influence by the factor of tubule orientation, but not in the case of dentin location. In the tensile stress examination, root dentin was easier to fracture in a parallel or perpendicular orientation to the tubules than that in an oblique orientation. Therefore, it appears that the VRF occurs frequently in practical situations due to the tubule orientation of the root dentin.
Using the specimen preparing method in this study, it is possible to obtain multiple specimens from one root to avoid heterogeneity and to standardize the intrinsic factors of root dentin for simulating and investigating a VRF or a bonded VRF. This method can obtain percentage data to compare the fracture resistance of intact root dentin and the bond strength of an adhesively repaired VRF using the same specimen after one facture load.
